PATENT 




123,906 



SPECIFICATION 



Application Date. May 3i, 19] 8, No. 9021 tl 8. 
Complete Left, Nor. 28, 1918. 
Complete Accepted, Mar. 13, 1919. 

PEOVISIOXAX SPECIFICATION. 
Improvements in or pertaining to Windings in Electrical Apparatus. 

"^Ve, The BarsH Electuical Exgixeeuixg Compa.ny, Limited, of Maxwell 
House, Arundel Street, Strand. London. W.C. 2, in tiie County of Middlesex 
and lEECY "VViLLiAM ScHOLEFiELn, of the same address, Jilectrical Engineers, do 
hereby declare the nature of this invention to be as follows: 

5 This invention has reference to windings of electrical apparatus wheieiu it 
IS desirable to avoid joints in the winding and to secure efficient and durable 
insulation between the several layers. 

The invention is particularly suitable for high tension iviudino-s such for 
instance, as the windings of alternating current transformers, and is adapted 
10 to minimise shrinkage in the windings whilst the apparatus is in operation 
to permit or facilitate the introduction of oil insulation between the several 
layers, to enable the tappings to be more easily taken off from the high tension 
windin-s for regulation or other purpose, and generally to simplify ttie process 
_ of winding and reduce the cost of insulation whilst at the same 'time sjreatlv 
lo lessening and substantially eliminating the risk of breakdown of the insulatioii 
between adjacent turns or layers of windings. 

On transformers for example, in one construction, the high tension windino-s 
comprise several sections per phase, each section being composed of severll 
layers and several turns per layer thus necessitating several joints in the 
20 Winding between the sections and a large amount of insulating material 
between layers and on the coils, causing considerable shrinkage in use, 
necessitating the provision of dev.ces for taking up such shrinkage that may 
be automatic or nou-automatic hj- means, in the latter case, of spanners and 
05 iLipn'/" moreover practically precluding the provision of oil circulation 
i'ft^fen successive layers of the winding, which are separated by flexible or 
plastic insulating materials only. Since large potential differences frequently 
occur between these layers here is constant danger of its causing breakdown 
between the layers through the collapse of the said insulation. 

ISow according to the present invention a winding for electrical apparatus 
such for instance as the high tension winding of a monophase transfoiTner or 
a similar winding of one phase of a polyphase transformer. comprisin<^ it may 
be insulation coated copper wire is wound continuously in the requisite number 
of successive layers between each whereof is interposed a laver of hard insulat- 
ing material in such manner as to provide a space through which oil' can be 
^3 circulated. 

In carrying out the invention the continuous winding,' is, convenientlv 
arianged on several insulating tubes or layers of insulation, the first laver of 
winding being put direct on to the tube which usually separates the primaiy 
[Price 6<i.] 
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from the secondary ^vindin^. On cojupletio.. of j;^''];;;!; -3 
insulating strips are < -1--' /V°"^'^^ !^ is a ranired. the .spaoe^et.;een 

around these a second tube or "'Y^Z-^ for the §rst laver of winding, 

the two forming an oil circulation K'^"\ "^^'j^.j^ 41;^ ...jre from the 5 
Conveniently, thil tule i'^-'V^j- ^^^d. a ^^^^'^^ and 
£1 Sa^ni:::^! oftcc ssive lavers .an he wound with inter- 

mediate similar provision for 5'' /;y;\'|lfX.irc n bv this method be done in 

The complete winding, or winding pei ^-^^ .^sent system of 10 

the winding lathe as a single P,peia ion, "^^^^^^ the complete 

separately winding '^'ft^""* ^h^di ^ er p l ase in polyphase .ork' can 

KpuLltion ci llnidling is in itself a S^^;^^^ ^ ,,,, ,,hole of 
The provision of oil circulation paths , "'^^ rating can 

the windings at practical y a ";"/"'-"\i^^^PXknt coo£ t e^'oil circulating 
he obtained, whilst 111 view of ^l^*' " ^^^^'^X^^^ i„ condition and 20 

between the layers keeps ' j^in itser^^^^^^^^^^ normal conditions 

s;:^;^ s:^:^^^^ Htiss i:^^^:^^ 

l^-iSl^orStS t%?r:'^*^i3::- Si^^W^onditi^is, practically _^ 

impossible. ..„t invpntion lends itself to the provision 

I winding according to the pre en t '.f ^ high 

with facility of t;M>r»'?.-./;-.l^^» ratio or other 

tension winding for regulation of ^'^^^^l''' the sections, and as 

reasons. Ordiiuinly, /;'P|^;\f "Xr 1 e Tp^hig i-^ brought out for 
a result invariably involve a 'v'^ f ^cd method of winding herein 
connection t^J^/X' lot a d n iiSuJecl outer layer pvo^-ides ample 
aescvibeil, ho>\e\ei tne ^"^^o . ^nninnrr^ for reo-ulat on exteiidmo; over 
facility for taknig oft r^^acti^^^^^ requisite tappings 

a very considerable range of J^-^^^. „i„ae bv looping out, 
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electrically. 

Dated this :31st day of May. 191S. 

For the Applicants, 

LLOYB WISE & Co., 
10 New Court. Lin. oln's Inn, Loudon, A\ X. 
Chartered Patent Agents. 
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. COMPLETE SPliCIFICATin^-. 

Improvements in or pertaining to Windings in Electrical Apparatus- 

We. THE Buv.a K^KC-n.uvu. Km.xkkui^. ^-^riflli" 
House, Arundel Street, Strand, ^ondo ^^ X. ^ the 

f TclS'h'liSTtSs ii Jel'i^^ .ti^^ - 

tr^LfS to t particularly described and ascertained in and by the 

following statement:— , • u 

This invention has reference to windings of electrical apparatus wherein it 
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is desirable to avoid joints in the «indiug aud to secure efficient and durable 
insulation between the several layers. . , 

The invention is particularly suitable for high tension windings, such for 
instance as the windings of alternating current transformers, anS is adapted 
<; « Simise shrinkage in the windings whilst the apparatus is lu operation 
0 pe mU or facilit^Ue the introductio^n of oil insulation between the seve^l 
to P«'""' V, ,,,„pi„„s to be more easily taken off from the hi^h tension 
vS^for^'uS purposes, and"generally to simplify the process 

V l-n3in ° nnJ' reduce the cost of nsulation whilst at the same time grea ly_ 
10 less:^?^^'"" -bstJalaU^ eliminating the risk of breakdown of the insulation 
hetween adiacent turns or layers of windings. , . , . • .;„j;„„c 

On t ansformers for example, in one construction the high tension wi lding 
romnrle several sections per phase, each section being composed of several 
and several turns per layer thus necessitating several joints in the 
15 wfndinrbetween the sections and a large amount nf insulating mate ml 
between lavers and on the coils, causing considerable shrinkage m use, 
necrsUatin.; the provision of devices for taking up such shrinkage that mav 
be automa^rc or non-automatic by means, in the latter case, of spanners and 
the Hke and moreover practically precluding the provision of oil circulation 
20 beUen's ccesslve lavei.s of the Vinding, wfiich are separated by flexible or 
Stic insulating materials only. Since large potential differences frequently 
occur between these lavers, there is constant danger of its causing breakdov^n 
between the lavers thrmigh the collapse of the said insulation 

?ow according to the present invention a winding for electrical apparatu 
25 such for instance as the high tension winding of a monopha.se transformei oi 
a Sim Ur winding of one pliase of a polyphase transformer comprising it may 
£e nsulat on coafed copper wire, is wound continuously in the requisite number 
of successive lavers between which are inteiTOsed layers of hard insulating 
Iterial in such manner as to provide a space into or through which oil can 
30 be introduced or circulated. , ^- i_ £ 

In the accompanying drawings, which illu.strate the invention by way of 
example, as applied to the high tension winding of a t>:»»f°>">f J 
and 2 aie diagrammatic representations of the apparatus in longitudinal and 
transverse sec'tion respectively. Fig. 3 is a diagrammatic end view oi a 
35 reduced scale, illustrating the method of taking off tappings V looping out, 
and Figs. 4 to 11 are subsidiary views illustrating various alternative constiuc- 
tions and forms of insulating tubes. 

Eef erring to the drawings: — , 
The continuous winding, is conveniently arranged on several layers o 
40 insulation, as for instance tubes, the first layer 1 of winding being put direct 
on to the tube 2 which usually .surrounds the inner winding, not shown, and 
separates it from the outer winding. On completion of the first layer 1 of 
windin<r on this tube 2. insulating distance pieces, as strips 3, which maj he 
plahi, as indicated in the upper portion of Fig. 2 or corrugated, as indicated 
45 Fn he lower portion of the said figure, or of other suitab e tovm, are disposed 
irouiid the said first laver 1 of winding at suitable intervals and around these a 
Sond tube 4 is arranged, the .space" 5 between .succe.ssive strips serving for 
ntSicin-. and, it ma\- be, circulating oil for the first laj^r 1 of winding 
Conve i ntlv thi tube 4 has at one end a slot 6, or. it may be,, an equivalent 
50 hole th'ou-l^ ^vhich the wire from the first layer 1 of winding is passed so as 
to wind t S second layer 7 on to this insulation 4, and in a similar manner 
any number of .succe.ssive layers can be thus continuously wound; the example 
il us Ted n Figs. 1 and 2 comprising a third layer 8 and insulating tube 9 
S a slo* or hSle 10 for the passaite%f the winding from its second to its 
55 Third layer, with intermediate similar provision comprising strips 11 and 

"TLrtn!pKtrwSd^ng°or winding per phase can. if the form admits, be 
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done bv this method in the winding lathe as a single operation, thus cheapen- 
ing the present system, of separately winding different sectioiis, whilst, lu 
addition, the complete winding in monophase work or the winding per phase 
in polyphase work can be simply handled in the shop as one piece, thus saving 
cost in erection and dispensing with a large amount of separate handling wh ch ,1 
occurs in the present winding practice, where there are several sections per 
phase. This simplificaliou of handling is in itself a great advantage. 

The insulating tubes may each be formed solid as a single piece, as shown, 
in Fig. 4, as a split tujbe with bxitt joint as shown in Fjg. 5, or with overlap 
joint °as shown in Fig. (3, or they may each \je composed" of two or more 10 
segments having butt^ joints as> 'illustrated in Fig. 7 or overlap joints as 
illustrated in Fig. 8. • i .i \ xi 

Ao-ain whilst desirable for facility of winding, it is not essential that the 
tubes and windings should be of circular form. They may, for instance, be ^ 
of the forms shown in Figs. 9 to 11 inclusive. . ^'^ 

The provision of oil spaces such as 5 and 12 between the layers of winding 
keeps or enables the whole of the windings to be kept at practically a uniform 
temperature so that a higher rating can be obtained, Avhilst m view of the 
more efficient cooling, the oil between the layers keeps the covering on the 
conductor in condition and prevents its deterioration. The oil would in itself -0 
under normal conditions constitute a sufficient insulation so that in conjunc- 
tion with the hard insulating tube a very large factor of safety is provided 
thus rendering, breakdown of insulation between the layers, even under 
abnormal conditions, practically impossible. 

A winding according to the present invention lends itself to the provision -o 
with facility of tappings, when such are required to be taken from a higli 
tension winding for regulation of voltage or transformation ratio or other 
reasons. Ordinarily, sucli tappings form part of one of the sections, and as a 
result invariably involve a weak spot where the tapping is brought out for ^ 
connection to 'the terminals. In the improved method of winding herein oO 
described, however, the long and uninterrupted outer layer S provides ample 
facility for taking off at needful points, as illustrated in Figs. 1 and 3, 
tappings 13 for regulation extending over a very considerable range of voltage 
so that in practice all re(iuisite tappijigs can usually be placed on the said 
last laver and can easily be made by looping out, thus securing the strongest 
possible arrangement both mechanically and electrically. When, lioweyer, 
it is necessary or desirable to provide for tappings at other jDoints in the 
windin"-, this can be done by joinin<i: a conductor to the desired turn of the 
winding' or by arranging a loop tlierein after the manner illustrated in Fig. 3, 
the coiuluctor or loop being then brought up through an oil space to the end of 
the coil, and connected up according to requirement. 

It will be seen that the windiuu: or each winding when formed as described 
consists from its start 14 to its fiuisli 15, of a single unbroken wire or strip. 

Having now particularly described and ascertained the nature of our said 
invention and in what manner the same is to be performed, we declare that 
what we claim is: — 

1. A method of winding for electrical purposes which consists in finding 
wire with insulation continuously in successive layers, and .so interposing hard 
insulating material between these layers as to provide an oil space, substan- 
tially as described. ^ 

2. In effecting electrical winding according to the preceding claim, winding 
the successive layers of winding direct on to insulating tubes and arranging 
insulatinf^ distance pieces around each winding at suitable intervals the spaces 
between ^successive distance pieces forming oil insulation spaces for the 
adjacent layers, substantially as described. . 

i3. In electrical apparatus an insulated winding disposed continuously in 
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g ive lavers l.etwceu vhicli lavcrs of insulating; material are interposed so 
as to* provide oil insulation spaces substantially as des^^nUed. 
' 4 \n e'ectrieal winding according to Claim 0 Avherem each layer of 
Tih/rllno' i.s \vonnd directly upon an insulating tube, sulistantially as descnbod. 
o r A n electrical winding accordinc; to Claim 3 or Claim 4, wherein the 
fnnnincr< are takcu oft- 'from the outei* layer, preferaUly by looping out, 

HP c , 1 , .. il ed 

'^"c^^FJech'^^^^ substantially as described with reference 

to and shown in the accompanying drawings. 
1^ Dated this 2Stli day of November, 191S. 

Eor the Applicants, 

LLOYD ^VIF^E & Co., 
10, New Court, Lincnln^s Inn, London, W.C. 2, 
Chartered Patent Agents. 
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